Background: Inpatient palliative care consultations have been shown to reduce acute care utilization by reducing length of stay, but less is known about their impact on subsequent costs including hospital readmissions. Objective: The study's objective was to examine the impact of inpatient palliative care consultations on 30-day hospital readmissions to a large urban academic medical center. Methods: The hospital's electronic medical record system was used to identify all live discharges between August 2013 and November 2014. After adjusting for a propensity score, readmission rates were compared between palliative care and usual care groups. Results: Of the 34,541 hospitalizations included in the study, 1430 (4.1%) involved a palliative care consult. After adjusting for the propensity score, patients seen by palliative care had a lower 30-day readmission rateadjusted odds ratio (AOR) 0.66, 0.55-0.78; p < 0.001. Adjusted rates were 10.3% (95% confidence interval [CI] 8.9%-12.0%) for palliative care and 15.0% (95% CI 14.4%-15.4%) for usual care. Among all palliative care patients, consultations that involved goals of care discussions were associated with a lower readmission rate (AOR 0.36, 0.27-0.48; p < 0.001), but consultations involving symptom management were not (AOR 1.05, 0.82-1.35; p = 0.684). Conclusions: Palliative care palliative care consultations facilitate goals discussions, which in turn are associated with reduced rates of 30-day readmissions.
Introduction

H
ospitals are under increasing pressure to reduce costs by preventing hospital readmissions. Thirty-day readmissions are also included in publicly reported measures of health care quality. Successful strategies to reduce readmissions generally focus on patients at increased risk for readmission, involve multiple diagnostic categories, and utilize a team-based approach. 1, 2 Growing evidence has demonstrated that palliative care can decrease acute care utilization and inpatient costs. For instance, inpatient palliative care consultations have been shown to lower pharmacy, radiology, laboratory, and intensive care unit costs. [3] [4] [5] Cost savings are greatest among patients who die in the hospital and increase with earlier palliative care consultation. 6, 7 Inpatient palliative care consultations might also reduce subsequent acute care utilization by engaging patients, families, and health care providers to align treatment plans with patient goals. Much less is known, however, about the impact of palliative care on health care utilization after discharge. Previous studies have reported low 30-day readmission rates of approximately 10% following inpatient palliative care consultation, 8, 9 but two comparative studies found no impact on 30-day readmissions compared to control groups. 10, 11 One study found that palliative care consultations were associated with a lower rate of 30-day readmissions, but that consultation service included an embedded hospice liaison and readmissions were only reduced among patients referred to hospice. 12 It is not known whether palliative care alone can reduce 30-day readmissions. Nor is it known whether palliative care consults have a greater effect on readmissions for some patient populations than others.
As health systems face increasing pressure to reduce costs, the answers to these questions can be used to guide the deployment of palliative care resources to reduce readmissions. Therefore, the goal of this study was to examine the impact of inpatient palliative care consultation on subsequent 30-day readmissions in a large academic medical center.
Methods
This study was conducted at a large urban tertiary care medical center. We initially included all live discharges spanning 16 months, from August 1, 2013 to November 30, 2014. We then excluded neonates and patients discharged from obstetrics, ambulatory surgery, and rehabilitation services, because these groups are very unlikely to receive a palliative care consult.
At this hospital the palliative care service includes physicians, nurse practitioners, social workers, a chaplain, a pharmacist, and a triage nurse. Primary inpatient teams place consults electronically for one or more of the following reasons: pain, symptom management, goals of care, end-of-life issues, psychosocial distress, and spiritual distress. Approximately two-thirds of consults involve goals of care or end-of-life issues. One third of consults originate in an intensive care unit, and the remainder comes from both medical and surgical floors.
Data extracted from the hospital's electronic medical record system included demographic variables (e.g., age, ethnicity, gender) and severity of illness (coded as minor, moderate, major, or severe). Severity of illness is a commonly used grouping method determined by All Patient Refined Diagnosis Related Group software from 3M (3M APR DRG software, 3M Health Information Systems, Salt Lake City, UT). At the time of discharge, each patient receives a severity of illness category that is calculated from the diagnoses and procedures that were coded for billing during the hospitalization. 13 We also included responses to a series of six questions that nurses enter into the electronic medical record during the admission process: ''What is the patient's cognitive status?'' (cognitively intact or cognitively impaired); ''How does the patient rate their health at the time of assessment?'' (excellent, good, fair or poor); ''Describe the patient's ability to walk'' (no restrictions, minor restrictions or changes, walks with the help of equipment, requires assistance from another person, or unable to take any steps at all); ''During the past month, has the patient often been bothered by feeling down, depressed, or hopeless?'' (yes or no); ''During the past month, has the patient often been bothered by little interest or pleasure in doing things?'' (yes or no); ''How often is a person available to care for the patient?'' (never, infrequently, occasionally, often, whenever needed). These questions are associated with a patient's subsequent need for post-acute care services, 14 and readmissions may be reduced when these questions are used to electronically alert discharge planners to potential post-acute care needs. 15, 16 Patients were then classified into two groups by the presence or absence of a palliative care consult order in the electronic medical record. For outcomes, we counted all readmissions to the same hospital that occurred within 30 days, regardless of cause. It can be difficult to determine reliably whether a readmission is related to the index admission. Additionally, many payers use all-cause readmissions for quality evaluation and penalty programs.
Analysis
A mixed effects logistic regression model was used to compare characteristics of palliative care and nonpalliative care patients. In this model, a unique patient medical record number was included as a random effect to account for the appearance of some patients several times in the dataset because of multiple hospitalizations. Analysis was performed at the level of hospital discharge rather than patient, because one patient may have been hospitalized several times, with different characteristics and outcomes. The use of a mixed effects model, with the individual as a random effect, allows analysis of the impact of palliative care on these different admissions.
We then created a propensity score to account for nonrandom assignment to palliative care consultation. Propensity scores offer a way to create two groups that are balanced with respect to key patient characteristics that are specified a priori. This approach is similar to that of multivariable regression analysis, but offers several advantages. 17 First, as in a randomized controlled trial, propensity score adjustment allows the separation of a study's design (e.g., balancing of groups) from its analysis. Second, propensity score analysis makes it possible to determine when little or no overlap exists in the characteristics of two groups, which in turn suggests that any comparison is likely to be problematic.
To create a propensity score, we first used theory-based logistic regression models to examine bivariate associations of patient characteristics with palliative care consultations. Models used mixed-effects logistic regression, and casewise deletion of missing data. We considered variables for inclusion if they reached a moderate level of significance in bivariate analysis ( p < 0.25). 18 When two or more models offered similar c-statistics, we chose the model with the best Bayes Information Criterion. 19 We used the resulting model to calculate a propensity score that reflects the probability that a patient would receive a palliative care consult during an index hospitalization. We then compared palliative care and usual care patients with respect to the variables in Table 1 across deciles of propensity score. We added additional variables to the propensity model and recalculated the score in order to achieve the smallest possible differences between the two groups. 20 Propensity scores may be used to account for nonrandom assignment in at least three ways. For instance, they may be used to create two matched groups from within a larger population (e.g., a matched group of patients receiving palliative versus usual care). Propensity scores can also be used to weight observations according to patient characteristics. 17 Finally, propensity scores can be used to adjust for differences in the two groups. 21 There is still active debate about which technique is superior, particularly for complex analyses in the setting of small sample sizes. 22, 23 For this study, we used propensity score adjustment, because there is no consensus around the appropriate use of mixed-effects regression in matching or weighting. 21 In addition, matching would have decreased sample size available for analysis to only a fraction of the total, reducing its power to detect associations and limiting the potential for subgroup analysis. 24 Finally, weighting is susceptible to bias in small samples like this, particularly when some patients have very high or low scores. 22 Therefore, we examined the impact of palliative care consultation on 30-day readmissions after adjusting for the propensity score in a mixed-effects model, with a patient as a random effect. We first analyzed the overall effect, calculating adjusted readmission rates and 95% CIs. Finally, we looked at readmission rates among several patient subgroups that we hypothesized a priori would be associated with 30-day readmission rates. The University of Pennsylvania's institutional review board granted an exemption for this secondary use of existing data. Stata statistical software version 11.0 (StataCorp, College Station, TX) was used for all statistical analysis.
Results
Between August 2013 and November 2014 there were 42,689 discharges. Of these, 1212 (2.8%) were deaths; and 6936 (16.7%) were patients discharged from obstetrics, neonatal care, physical medicine and rehabilitation, and ambulatory surgery. These deaths and discharges were excluded, leaving 34,541 discharges in the study sample. Of these discharges, 20,904 patients (60.5%) were white, 18,294 (60.0%) were male, and 4710 (13.3%) were admitted to an oncology service.
Of the 34,541 discharges included in the study, 1430 (4.1%) involved a palliative care consult sometime during the hospitalization. On average, patients were discharged 1.4 times in the study period, or approximately one time per calendar year, so this sample represents 23,524 unique patients. Of these patients, 1112 (4.7%) were seen once by palliative care, and 318 (1.4%) were seen twice or more. Subsequent analysis uses discharge as the unit of analysis, with mixed-effects logistic regression to account for repeat discharges by the same patient.
Patient characteristics are described in Table 1 . Patients who received palliative care consultation were less likely to be male (OR 0.83, 95% CI 0.75-0.95) and less likely to be black (OR 0.75, 95% CI 0.66-0.85). Palliative care patients were much more likely to be admitted to an oncology service (OR 9.10, 95% CI 8.0-10.4) and had higher severity of illness. Palliative care patients were less likely to be cognitively intact (OR 0.41, 95% CI 0.34-0.49) and more likely to self-report depression in the previous month (OR 2.23, 95% CI 1.93-2.58). Palliative care patients required more assistance with ambulation, had worse self-reported health, and had a greater number of comorbid medical conditions (see Table 1 ). Table 2 describes the results of the mixed-effects logistic regression used to establish the propensity score. The final propensity score included nine variables, summarized in Table 2 . These included sex, illness severity, admission to oncology, and whether the index admission occurred within 30 days of a prior discharge. The final model also included ratings of several characteristics that are associated with readmission risk: cognitive impairment, depression, selfrating of health, and difficulty walking, based on a nurse's assessment at the time of admission. Age was not a significant predictor of palliative care utilization but was added to balance the two groups. The area under the curve for the final model was 0.863. This indicates good ability to discriminate between patients who did and didn't receive a palliative care consult but is low enough to permit some overlap between groups.
For all live discharges in the sample (34,541), the raw unadjusted 30-day readmission rate was 16.0% (n = 5,541). For hospitalizations that involved palliative care, this rate was significantly higher than for usual care patients (325/ 1430, 22.7% versus 5216/33,111, 15.8%; OR 1.57, 95% CI 1.35-1.82; p < 0.001) (see Table 3 ). However, after adjusting for the propensity score, patients seen by palliative care had a lower 30-day readmission rate (AOR 0.66, 95% CI 0.55-0.78; p < 0.001). Adjusted readmission rates were 10.3% (95% CI 8.9%-12.0%) for palliative care, and 15.0% (95% CI 14.4%-15.4%) for usual care.
To understand how palliative care consultations might reduce readmissions, we examined subgroups of patients according to their use of post-acute services. Of the 34,541 patients in the sample, 850 (2.46%) were discharged to inpatient or home hospice, 13,759 (39.83%) were discharged to home care, 15,080 (43.66%) were discharged to home without services, and 4852 (14.05%) were discharged to an institution (e.g., skilled nursing facility, long-term acute care hospital).
Palliative care patients were much more likely to be referred to hospice at the time of discharge (unadjusted analysis: 423/1430, 29.58% versus 427/33,111, 1.29%; OR 32.15, 95% CI 27.72-37.29; p < 0.001) (see Table 3 ). After adjusting for the propensity score in a mixed-effects model with patient as a random effect, palliative care patients still had higher hospice utilization at discharge (AOR 16.32, 95% CI 13.23-20.14; p < 0.001). Palliative care patients had an adjusted hospice referral rate of 14.9% (95% CI 12.7%-17.4%) versus 1.1% with usual care (95% CI 1.0%-1.2%). After adjusting for hospice utilization, palliative care patients actually had a trend toward a higher 30-day readmission rate (AOR 1.20, 95% CI 0.99-1.45; p = 0.058), which suggests that increased hospice utilization among palliative care patients is an important factor in reducing 30-day readmissions.
Compared to usual care patients, those seen by palliative care were more likely to be discharged with a DNR order (569/1430, 39.8% versus 1355/33,111, 4.1%; OR 15.49, OR 13.74-17.44; p < 0.001). Of 569 palliative care patients discharged with a DNR order, 240 (42.2%) had a DNR order entered after the palliative care consult. An additional 329 (57.8%) had a DNR order in the medical record prior to the consultation. Palliative care patients for whom a new DNR order was written (n = 240) had a significantly lower 30-day readmission rate compared to palliative care patients who either had a DNR order prior to the consultation or no DNR order at all (22/240, 9.2% versus 303/1190, 25.5%; OR 0.53, 95% CI 0.34-0.82; p = 0.004). Palliative care patients for whom a new DNR order was written after the consult also had a lower 30-day readmission rate compared to palliative care patient for whom no DNR order was written (22/240, 9.2% versus 285/861, 33.1%, OR 0.20, 95% CI 0.13-0.32; p < 0.001).
This hospital uses a three-tiered DNR order system. DNR-A orders indicate no CPR but continuation of all other treatment. DNR-B orders specify no CPR and no escalation of life-prolonging treatment beyond what is already being provided. DNR-C orders indicate comfort care with discontinuation of any treatments that do directly contribute to comfort. Of the 240 patients with a new DNR order after palliative care consultation, 127 had a DNR-A (52.9%), 34 had a DNR-B (14.2%), and 79 (32.9%) had a DNR-C order. The 30-day readmission rate for palliative care patients without DNR orders was 33.1% (285/861). For patients with a DNR-A order at discharge, the rate was 17.3% (22/127). The 30-day readmission rate was zero for patients with a DNR-B order (0/34) or a DNR-C order (0/79).
The most common reasons for palliative care consultation were symptom management and goals of care. Of 1430 discharges seen by palliative care, 703 (49.2%) involved a request for symptom management, 557 (40.0%) involved a request for assistance establishing patient or family goals, and 255 (17.8%) included both. One hundred seventy consultations (11.8%) involved neither symptom management nor goals of care. Readmission rates were highest among patients for whom consultations involved symptom management (254/703; 29.1%) and lowest when consultations were for goals discussions (71/557; 12.8%). Among all palliative care patients, consultation involving a goals discussion was associated with a lower readmission rate (OR 0.36, 0.27-0.48; p < 0.001), but consultation involving symptom management was not (OR 1.05, 0.82-1.35; p = 0.684).
Discussion
Hospitals are increasingly focused on reducing readmissions to avoid financial penalties under the federal Hospital Readmissions Reduction Program. 25, 26 Readmissions also negatively impact performance benchmarks used by Medicare to determine a hospital's payment rates. 27 This study's finding that palliative care consultations may reduce readmissions suggests that palliative care may offer an important tool for hospitals and health systems, which could complement other interventions.
In addition, this study provides new insights into mechanisms by which palliative care reduces readmissions. For instance, we found that specialist-level symptom management is not associated with a lower rate of hospital readmissions. In contrast, goals discussions by palliative care specialists were associated with a significant decrease in 30-day readmission rates. Similarly, when a palliative care consultation resulted in a new DNR order, patients had a lower rate of readmissions. Together, these results suggest that palliative care's impact on 30-day readmission rates may be driven largely by goals discussions that let patients and health care providers choose a less aggressive plan of care. DNR orders may be an objective proxy measure for goals discussions.
At least some of palliative care's impact on 30-day readmissions may also be due to hospice referrals. Patients in hospice generally have much lower rates of acute care utilization, 28 and a previous study demonstrated reduction in 30-day readmissions when a hospice liaison was embedded in an inpatient palliative care team. 12 Our study also suggests that hospice may be an important mechanism by which palliative care reduces readmissions, even when the palliative care service does not include a hospice liaison. Palliative care teams assist with determining hospice eligibility and raise hospice as an option with patients, families, and care teams. Palliative care consultants can also allay fears and misconceptions about hospice. Even without the inclusion of a hospice representative on the team, we found that palliative care discussions were associated with a substantial increase in hospice utilization and a decreased rate of readmissions.
This study has several limitations. First, we studied only one palliative care team in a single academic hospital. Palliative care programs vary widely in their training, staffing, and acceptance within a hospital's culture, and these differences likely affect a given palliative care team's ability to impact 30-day readmissions. Second, we only included readmissions to the study hospital. It is possible that patients had readmissions to other hospitals, and that might have changed the results of this study. Finally, propensity score adjustment cannot control for unmeasured differences. For example, it is possible that patients who received palliative care had less aggressive treatment preferences and stronger preferences against rehospitalization than usual care patients. However, we were able to adjust for variables that are markers of preferences, such as a history of previous 30-day readmissions.
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Although preliminary, these results provide important evidence to support the value of palliative care in reducing 30-day readmissions. These results may be of considerable interest to payers, since many other efforts to achieve this goal rely on interventions such as home care or skilled nursing facilities, which can increase costs. 29, 30 In contrast, a palliative care intervention that aligns care with patients' goals and creates a less aggressive care plan may offer a unique opportunity to improve patient-centered care while reducing total costs.
